IMMUNOGEN, COMPOSITION FOR IMMUNOLOGICAL USE, 
AND METHOD OF PRODUCING ANTIBODY USING THE SAME 

TECHNICAL FIELD 
5 The present invention relates to an immunogen, a composition for 

immunological use, and a method of producing an antibody using the same, 
more particularly, to an immunogen including a fusion protein composed of 
a desired antigen protein and a folding factor, a composition containing the 
fusion protein for immunological use, and a method of producing an 
10 antibody using the same. According to the present invention, a sufficient 
immune response is induced even by an antigen protein which has been 
considered unavailable to induce any effective immune responses for 
various reasons. 



15 BACKGROUND ART 

With the progress of biotechnology, the importance of antibodies is 
more and more increasing. For example, various types of immunoassay 
techniques such as enzyme immunoassay and radioimmunoassay and 
further affinity chromatography techniques useful for protein purification 

20 utilize an antigen-antibody reaction, a specific reaction of antibodies. An 
antibody is prepared by inoculation of an animal with an antigen as an 
immunogen, and inducing an immune response in the animal which results 
in production of the antibody. Recently, a transformant having a gene 
encoding an antigen protein wherein the gene is isolated by recombinant 

25 DNA techniques is cultured, thereby obtaining the antigen protein, not by 
preparation and purification of an antigen protein from a sample derived 
from a living body. 
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However, even though an antigen protein obtained in this way is 
used as an immunogen, desired antibodies may not be obtained in some 
cases. The examples are as follows: 

(a) When the antigen protein is toxic to the host cells, transformants to 
5 produce the antigen protein may be killed, resulting in difficulty of 

preparation of enough amount of the antigen protein. 

(b) When the antigen protein does not have a correct stereostructure in the 
host cell, the antigen protein may be obtained only as an abnormal protein. 

(c) When the antigen protein is an insoluble protein containing plenty of 
10 hydrophobic amino acids, the antigen protein as an immunogen may not 

induce a sufficient immune response. 

(d) When the antigen protein as an immunogen is rapidly decomposed in 
the blood of an inoculated animal, the antigen protein may not induce a 
sufficient immune response. 

15 To solve these problems, exploitation of a peptide antigen that is an 

artificially synthesized peptide corresponding to a region to be expected as 
an epitope or addition of lipids to an antigen protein to induce a sufficient 
immune response has been attempted. However, methods to solve all 
above-described problems have not been developed (for example, see 

20 WO02/052029). Especially, no attempt to solve the problem that the 
antigen protein as an immunogen is rapidly decomposed in the blood of an 
inoculated animal has been made. 

An object of the present invention is to provide an immunogen and a 
composition for immunological use whereby a sufficient immune response 

25 is induced even by an antigen protein which has been considered 
unavailable to induce any effective immune responses for various reasons, 
and a method of producing an antibody using the same. 
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DICLOSURE OF THE INVENTION 
As the result of diligent researches, the inventors have found that the 
use of a fusion protein composed of an antigen protein and a folding factor 
5 as an immunogen provides the following effects: 

(a) Even though the antigen protein is toxic to the host cells, 
transformants to produce the antigen protein are protected from being killed. 
Therefore, it is easy to prepare enough amount of the antigen protein 
contained in the fusion protein as an immunogen. 
10 (b) Because the antigen protein tends to have a correct stereostructure 
easily in the fusion protein, an immune response is induced more correctly. 

(c) Even though the antigen protein contains plenty of hydrophobic amino 
acids and tends to be insoluble in itself, the antigen protein in the fusion 
protein is soluble. Therefore, the fusion protein as an immunogen induces 

15 a sufficient immune response against the antigen protein. 

(d) The fusion protein is not rapidly decomposed in the blood of an 
inoculated animal, thereby inducing a sufficient immune response against 
the antigen protein. 

(e) The fusion protein induces an immune response against the antigen 
20 protein in an animal more efficiently than the antigen protein alone. 

The summaries of the present invention are as follows: 

(1) An immunogen for inducing an immune response to a desired 
antigen protein, the immunogen including a fusion protein composed of one 
selected from the full-length and a part of the antigen protein and one 

25 selected from a folding factor and its subunit linked thereto via at least one 
peptide bond; 

(2) The immunogen as described in (1) wherein the folding factor is 
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a chaperonin consisting of a plurality of chaperonin subunits; 

(3) The immunogen as described in (2) wherein at least two of the 
chaperonin subunits are serially linked to one another via peptide bonds; 

(4) The immunogen as described in (2) or (3) wherein the antigen 
5 protein is linked to the N-terminus and/or the C-terminus of the chaperonin 

subunit; 

(5) The immunogen as described in (3) or (4) wherein the antigen 
protein is linked between the chaperonin subunits; 

(6) The immunogen as described in one of (2)-(5) being provided 
10 with an amino acid sequence to be cleaved by a protease between the 

chaperonin subunit and the antigen protein; 

(7) The immunogen as described in one of (3)-(6) being provided 
with an amino acid sequence to be cleaved by a protease between the 
chaperonin subunits; 

15 (8) The immunogen as described in one of (2)-(7) wherein the 

chaperonin subunit is derived from one selected from a group consisting of 
bacteria, archaea and eukaryotes; 

(9) The immunogen as described in one of (2)-(8) wherein the 
antigen protein is accommodated in a chaperonin ring formed by the 

20 chaperonin subunits; 

(10) The immunogen as described in (9) wherein the chaperonin 
ring is consisting of 5 to 10 chaperonin subunits; 

(11) The immunogen as described in (9) or (10) having two 
chaperonin rings non-covalently associated on each other's ring plane or 

25 each other's side; 

(12) The immunogen as described in (1) wherein the folding factor 
is a foldase; 
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(13) The immunogen as described in (12) wherein the antigen 
protein is linked to the N-terminus and/or the C-terminus of the foldase; 

(14) The immunogen as described in (12) or (13) wherein the 
foldase is a PPIase; 

5 (15) The immunogen as described in (14) wherein the PPIase is 

derived from one selected from a group consisting of Escherichia coli and 
archaea; 

(16) The immunogen as described in one of (1)-(15) wherein the 
antigen protein is serotonin receptor 5-HTlaR; 
10 (17) The immunogen as described in (16) wherein the fusion protein 

includes either the full-length of serotonin receptor 5-HTlaR or a partial 
protein consisting of 6 or more amino acid residues thereof; 

(18) The immunogen as described in one of (1)-(17) being produced 
by transcription and translation of a fusion gene including a gene encoding 

15 one selected from the full-length and a part of the antigen protein and a 
gene encoding one selected from the folding factor and its subunit; 

(19) The immunogen as described in (18) wherein the gene 
encoding a part of the antigen protein is a gene encoding a partial protein 
consisting of 6 or more amino acid residues of the antigen protein; 

20 (20) A composition for immunological use being prepared by 

mixing of the immunogen as described in one of (1)-(19) with an adjuvant; 

(21) A method of producing an antibody, the method including the 
steps of immunizing an animal except human with the immunogen as 
described in one of (1)-(19) and obtaining an antibody specific to the 

25 antigen protein from the animal; and 

(22) A method of producing an antibody, the method including the 
steps of immunizing an animal except human with the composition as 
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described in (20) and obtaining an antibody specific to the antigen protein 
from the animal. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Figs. 1A to E are illustrations showing first examples of 

combinations of antigen proteins and chaperonin subunits in a 
chaperonin-antigen protein complex; 

Figs. 2A to D are illustrations showing second examples of 
combinations of antigen proteins and chaperonin subunits in a 
10 chaperonin-antigen protein complex; 

Figs. 3 A to D are illustrations showing third examples of 
combinations of antigen proteins and chaperonin subunits in a 
chaperonin-antigen protein complex; 

Figs. 4A to D are illustrations showing fourth examples of 
15 combinations of antigen proteins and chaperonin subunits in a 
chaperonin-antigen protein complex; 

Figs. 5A to D are illustrations showing fifth examples of 
combinations of antigen proteins and chaperonin subunits in a 
chaperonin-antigen protein complex;. 
20 Fig. 6 is an illustration showing a constitution of the vector 

pTrc(GroEL)7; 

Fig. 7 is an illustration showing a constitution of the vector 
pTF(TCPp)8; Fig. 8 is an illustration showing a constitution of the vector 
TcFKfusion2; and 

25 Fig. 9 is a schematic illustration of a stereostructure of Escherichia 

coli chaperonin (GroEL). 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The immunogen of the present invention includes a fusion protein 
composed of the full-length or a part of an antigen protein and a folding 
factor or its subunit linked thereto via at least peptide bond. 
5 Herein, "folding factor" denotes a series of proteins which assist 

polypeptide folding. Folding factors are generally classified into 
molecular chaperones and foldases. 

Expressions of most of molecular chaperones are induced upon 
application of stress such as heat shock to cells. Molecular chaperones 
10 assist protein folding and contribute to structural stabilization of proteins in 
the presence or absence of ATP 3 an energy substance. Examples of the 
molecular chaperones include chaperonins, Hsp70 systems, small heat 
shock proteins, Hsp90, and prefoldins. In the immunogen of the present 
invention, any molecular chaperone is applicable as a folding factor. Each 
15 of the molecular chaperones applicable in the present invention will be 
described below. 

First, chaperonins will be described. A chaperonin is a complex 
protein composed of a plurality of subunits (chaperonin subunits) with a 
molecular weight of about 60 kDa. The chaperonin occurs in every living 

20 thing such as bacteria, archaea and eukaryotes, and has a function of 
assisting protein folding and protecting proteins from denaturation. 

Chaperonins are classified into group 1-type chaperonins and group 
2-type chaperonins. The group 1-type chaperonins occur in bacteria or 
organelle of eukaryotes and require a co-factor called "co-chaperonin" that 

25 is a ring complex formed by proteins with a molecular weight of about 10 
kDa. The group 2-type chaperonins occur in eukaryotic cytosol or archaea, 
but their structures and functions are not well known and proteins 
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corresponding to the co-chaperonins of the group 1-type chaperonin have 
not been found yet (Gupta, MoL Microbiol., 15, pi-, 1995). Both types of 
the chaperonins are applicable in the immunogen of the present invention. 
GroEL derived from Escherichia coli as the group 1-type chaperonin and 
5 TCP derived from archaea as the group 2-type chaperonin may be used, for 
example. 

A typical chaperonin is a complex protein having two ring 
complexes (chaperonin rings) each consisting of 5 to 10 chaperonin 
subunits arranged annularly, that is, composed of 10 to 20 chaperonin 

10 subunits. The two chaperonin rings are non-covalently associated on each 
other's ring plane so as to form a two-layer chaperonin ring structure. The 
chaperonin accommodates a polypeptide or a denatured protein in its ring 
structure to promote protein folding reaction with consuming nucleotide 
triphosphate such as ATP. Another chaperonin having one chaperonin ring 

15 with a one-layer ring structure (single ring chaperonin) is also known. The 
single ring chaperonin not only occurs in some kinds of living things, but 
also is artificially made by means of a protein engineering technique such as 
amino acid substitution. One of the reasons why the immunogen of the 
present invention has the actions as described in (a)-(d) is due to that the 

20 antigen protein is accommodated in the chaperonin. 

As shown in Fig. 9, GroEL, a chaperonin derived from Escherichia 
coli, has a cavity with an inner diameter of 4.5 nm and a height of 14.5 nm. 
The cavity of the chaperonin ring has enough space for accommodating a 
globular protein with a molecular weight of 60 kDa. The chaperonin has a 

25 function of transiently accommodating an polypeptide or a denatured 
protein in the cavity, thereby assisting the polypeptide or the protein to have 
a folded structure and stabilizing the structure. 
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Recently, stereostructures of chaperonins derived from various cells 
have been revealed in detail by X-ray crystallographic analysis. The 
structure of a chaperonin formed by interactions between the adjacent 
chaperonin subunits and between the chaperonin rings is maintained by 
5 non-covalent interactions such as a hydrophobic or ionic interaction among 
amino acids. The C-terminus and the N-terminus of the chaperonin 
subunit are located at the cavity side with high flexibilities. Especially, it 
is known that at least 23 amino acid residues of the C-terminus of GroEL, a 
chaperonin derived from Escherichia coli, have a high flexible structure. 

10 When the chaperonin is present at a high concentration of not less 

than 1 mg/mL in the presence of Mg-ATP, two-layer chaperonin rings may 
further be non-covalently associated to one another on each other's ring 
plane or each other's side to assemble into a fibrous structure (Trent J. D. et 
aL, Proc. Natl. Acad. Sci. U.S.A., 94, 5383-5388, 1997, and, Furutani M. et 

15 ah, J. Biol. Chem., 273, 28399-28407, 1998). 

In the immunogen of the present invention, it is preferable to use a 
chaperonin having two chaperonin rings, each composed of chaperonin 
subunits, non-covalently associated on each other's ring plane so as to form 
a two-layer ring structure, or a chaperonin having two chaperonin rings 

20 non-covalently associated on each other's ring plane or on each other's side 
so as to assemble into a fibrous structure. However, a single ring 
chaperonin may be also used. 

Chaperonins derived from bacteria or archaea are produced in a host 
cell such as Escherichia coli by recombinant DNA techniques. When 

25 Escherichia coli is used as a host cell, for example, the chaperonins are 
easily produced in its soluble cytospl fraction in a large amount. Further, 
it has been confirmed that heterogeneous organism-derived chaperonins 
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produced in Escherichia coli cells are self-assembled, thereby forming a 
complex with a two-layer ring structure, under electron microscope 
observation of the purified chaperonins produced in the Escherichia coli 
cytosol soluble fraction. 
5 In the present invention, chaperonins may be derived from any 

organism such as bacteria, archaea and eukaryotes and may be native ones 
or artificial ones produced in an appropriate host cell by recombinant DNA 
techniques. Further, as long as the ability whereby a chaperonin is 
self-assembled into a ring structure is maintained, not only wild-type 

10 chaperonins but amino acid mutant chaperonins may be used. A mutant 
chaperonin with reduced associating ability of each chaperonin subunit may 
be also used to release an antigen protein accommodated in a chaperonin 
ring more rapidly, for example. 

Molecular chaperones belonging to Hsp70 systems will be now 

15 described. A complex composed of a molecular chaperone belonging to 
Hsp70 systems and an antigen protein is suitable as an immunogen because 
the complex protects the antigen protein from irreversible aggregation. 

Typical proteins belonging to Hsp70 systems include DnaK, DnaJ, 
and GrpE, all derived from Escherichia coli. Further, most of organisms, 

20 regardless of species, have homologues of DnaK, Dna J, and GrpE. 
Protein folding systems by DnaK/DnaJ/GrpE of Escherichia coli are well 
studied. A reaction mechanism described below is proposed. A nascent 
polypeptide biosynthesized in a ribosome binds to DnaK and further to 
DnaJ in the presence of ATP, so as to inhibit formation of irreversibly 

25 insoluble aggregates. Further, with dissociation of nucleotides depending 
on GrpE, the nascent polypeptide is also dissociated and then transferred to 
a folding system of chaperonins (Fink, Molecular chaperones in the life 
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cycle of protein, MARCEL DEKKER, Inc., 1998). DnaK, DnaJ, GrpE, all 
derived from Escherichia coli, and their homologues having the same 
activity are applicable in the immunogen of the present invention. 

Molecular chaperones belonging to small heat shock proteins will be 
5 now described. A small heat shock protein forms a simple complex, not a 
complicated and higher-order complex like a chaperonin having a ring 
structure. An antigen protein forms a complex with a small heat shock 
protein, and whereby the complex of the small heat shock protein surrounds 
the antigen protein to protect. Consequently, the complex induces an 

10 immune response more certainly without rapid decomposition of the 
antigen protein in the blood of an inoculated animal. It is reported that a 
small heat shock protein has a huge structure composed of about 24 to 32 
subunits each with a molecular weight of about 15-30 kDa and has a 
molecular chaperone activity (Jakob, J. Biol. Chem., 268, 15 17-, 1993). 

15 One of the small heat shock proteins, Hsp25, for example, is composed of 
16 or more subunits associated with one another, (Ehmsperger, M et al., The 
Journal of Biological Chemistry, vol. 274, No. 21, 14867-14874). A 
crystalline having high homology with the small heat shock proteins at its 
C-terminus region has also the same property as a small heat shock protein. 

20 A fusion protein composed of an antigen protein and a small heat shock 
protein is applicable as the immunogen of the present invention. 

Molecular chaperones belonging to prefoldins will be now described. 
A prefoldin forms a simple complex as well as a small heat shock protein. 
An antigen protein forms a complex with a prefoldin, and whereby the 

25 complex of the prefoldin surrounds the antigen protein to protect. 
Consequently, the complex induces an immune response more certainly 
without rapid decomposition of the antigen protein in the blood of an 
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inoculated animal. A prefoldin is a molecular chaperone found as a factor 
involving in protein folding of tubulin of eukaryotes. A prefoldin forms 
hexamer and has a chaperone activity interacting with denatured proteins in 
vitro (Sigert, Cell, 103, 62 1-, 2000). A fusion protein composed of an 
5 antigen protein and a prefoldin is applicable as the immunogen of the 
present invention. 

Foldases, other folding factors, will be now described. A Foldase 
is a folding factor acting enzymatically. A fusion protein composed of a 
foldase and an antigen protein is suitable as an immunogen because the 

10 antigen protein in the fusion protein tend to have a correct stereostructure. 
Examples of foldases include peptidyl-prolyl cis-trans isomerases 
(hereinafter referred to as "PPIase") and protein disulfide isomerases. A 
PPIase is an enzyme catalyzing isomerization of prolyl peptide bonds in 
protein folding. A protein disulfide isomerase is an enzyme promoting 

15 formation of disulfide bonds. A foldase used in the immunogen of the 
present invention is not particularly limited, but PPIases are more 
preferably for use. 

PPIases are classified into three types, an FK506 Binding Protein 
type (FKBP type), a cyclophilin type, a parvulin type based on sensitivity to 

20 its inhibitor. An FKBP-type PPIase is a PPIase, an activity of which is 
inhibited by FK506 that is one of immunosuppressive agents, and 
homologues thereof. A Cyclophilin-type PPIase is a PPIase having 
sensitivity to cyclosporine that is another immunosuppressive agent, or 
homologues thereof. On the other hand, a parvulin-type PPIase is a PPIase 

25 exhibiting no sensitivity to immunosuppressive agents, and an activity of 
which is inhibited by juglone. These three types of PPIases have little 
homology on their amino acid primary sequences. All the PPIases 
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described above are applicable in the immunogen of the present invention. 

Further, some kinds of PPIases have not only an original activity 
catalyzing isomerization of prolyl peptide bonds (PPIase activity) but also a 
molecular chaperone activity. Herein, "molecular chaperone activity" 
5 denotes to an activity of refolding a denatured protein to have an original 
natural structure, or an activity of inhibiting irreversible aggregations of a 
denatured protein. The molecular chaperone activity of the PPIases is 
different from the activity of molecular chaperones in that the activity of the 
PPIases dispense with nucleotide triphosphate like ATP for expression of 
10 the activity. PPIases having a molecular chaperone activity are more 
suitable for use in the immunogen of the present invention, because folding 
other proteins more correctly than PPIases with no molecular chaperone 
activity. 

Examples of PPIases having a molecular chaperone activity include 
15 FKBP-type PPIases derived from archaea. Specifically, FKBP-type 
PPIases derived from archaea have both a PPIase activity and an 
ATP-independent molecular chaperone activity, thereby facilitating an 
antigen protein having a correct stereostructure more certainly by fusing the 
antigen protein with the FKBP-type PPIase. FKBP-type PPIases derived 
20 from archaea are classified into short-type ones with a molecular weight of 
about 16-18 kDa and long-type ones with a molecular weight of about 
26-33 kDa. In the immunogen of the present invention, both types of 
PPIases are applicable, but short-type FKBP-type PPIases derived from 
archaea are suitable in the immunogen of the present invention because of 
25 having a higher molecular chaperone activity. Short-type FKBP-type 
PPIases derived from archaea have a low molecular weight, so as to have 
advantage to express the fusion protein with an antigen protein in a host cell 
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by means of recombinant DNA techniques. The range of the 
above-described molecular weight is that of archaeal FKBP-type PPIases 
previously found, but archaeal FKBP-type PPIases used in the immunogen 
of the present invention are not limited to those having a molecular weight 
5 of the range, and any archaeal FKBP-type PPIases may be used as long as 
they belong to substantially the same group. 

Archaea for obtaining FKBP-type PPIases used in the immunogen 
of the present invention are not particularly limited. Examples of archaea 
for obtaining short-type FKBP-type PPIases include thermophilic or 

10 hyperthermophilic archaea such as Methanococcus thermolithotrophicus, 
Thermococcus sp. KS-1, and Methanococcus jannaschii. Further, they 
include mesophilic archaea such as Methanosarcina mazei, Methanosarcina 
acetivorans ,and Methanosarcina barkeri (Maruyama, Front. Biosci. 5, 82 1-, 
2000). On the other hand, examples of archaea for obtaining long-type 

15 FKBP-type PPIases include thermophilic or hyperthermophilic archaea 
such as Pyrococcus horikoshii, Aeropyrum pernix, Sulfolobus solfataricus, 
Methanococcus jannaschii, Archaeoglobus fulgidus, Methanobacterium 
autotrophicum, and Thermoplasma acidophilum. Further, they include 
mesophilic archaea such as Halobacterium cutirubrum (Maruyama, Front. 

20 Biosci. 5, 821-, 2000). 

Other types of PPIases having a molecular chaperone activity will 
be now described. FKBP-type PPIases include trigger factor-type ones, 
FkpA-type ones, and FKBP52-type ones. Cyclophil in-type PPIases 
include CyP40-type PPIases. Further, parvulin-type PPIases include Sur 

25 A-type PPIases. 

A gene encoding a trigger factor-type PPIase has been found in 
genomes of almost all bacteria. Examples of the source organism for 
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obtaining trigger factor-type PPIases include Escherichia coli, Mycoplasma 
genitalium, Bacillus subtilis, Salmonella enterica, Staphylococcus aureus, 
Mycobacterium leprae, Agrobacterium tumefacium, Lactococcus lactis, 
Campyrobacter jejuni, Streptococcus pyogenes, and Corynebacterium 
5 diphtherial 

Both FkpA-type PPIases and SurA-type PPIases occur in 
periplasmic spaces of gram-negative bacteria such as Escherichia coli. 
Examples of the source organism for obtaining FkpA-type PPIases and 
SurA-type PPIases include Escherichia coli, Pyrobaculum aerophilium, 

10 Pseudomonas aeruginosa, Xylella fastidiosa, Neisseria meningitides, 
Mesorhizobium loti, Heamophilus influenzae, and Ralstonia solanacearum. 
FkpA-type PPIases and SurA-type PPIases derived from organisms other 
than those bacteria may be also used as long as the PPIases belong to the 
same group and have substantially the same activity. For example, a gene 

15 encoding a homologue thereof has been also found in genomes of 
eukaryotes such as yeast. 

FKBP52-type PPIases and CyP40-type PPIases occur in eukaryotes. 
FKBP52-type PPIases, also called p59, HSP56 or the like, have a molecular 
weight of about 52 kDa. CyP40-type PPIases have a molecular weight of 

20 about 40 kDa. Examples of the source organism for obtaining 
FKBP52-type PPIases and CyP40-type PPIases include eukaryotes such as 
human, mouse, bovine, pig, rabbit, and rat. FKBP52-type PPIases and 
CyP40-type PPIases derived from organisms other than those eukalyotes 
may be also used as long as the PPIases belong to substantially the same 

25 group. 

A partial polypeptide corresponding to a part of the above-described 
PPIases is also applicable as long as the polypeptide has the same activity 
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as the full-length of the PPIases. Short-type FKBP-type PPIases derived 
from archaea, for example, have an FKBP domain involving in binding to 
FK506 and an IF (Insert in the flap) domain, the domains each managing a 
molecular chaperone activity. Therefore, a partial polypeptide containing 
5 these domains and having a PPIase activity is applicable as a PPIase having 
a molecular chaperone activity. On the other hand, long-type FKBP-type 
PPIases derived from archaea have a C-terminus domain managing a 
molecular chaperone activity in addition to an FKBP domain and an IF 
domain described above. Therefore, a partial polypeptide containing these 

10 domains and having a PPIase activity is applicable as a PPIase having a 
molecular chaperone activity. Introduction of an IF domain or a 
C-terminus domain into a PPIase with no molecular chaperone activity such 
as human FKBP52-type PPIases by protein engineering techniques prepares 
a chimeric PPIase having a molecular chaperone activity. 

15 Fusion proteins contained in the immunogen of the present 

invention will be now described. As described above, the fusion protein is 
composed of the full-length or a part of an antigen protein and a folding 
factor or its subunit. 

Firstly, the case of the folding factor employing a chaperonin will be 

20 described. The chaperonin is a complex composed of a plurality of 
chaperonin subunits, to one of which an antigen protein is linked via a 
peptide bond in the fusion protein used as the immunogen of the present 
invention. The antigen protein is linked to either site, the N-terminus or 
the C-terminus of the chaperonin subunit. When being linked to a 

25 chaperonin subunit linkage having chaperonin subunits linked to one 
another, the antigen protein is linked to one site selected from a group 
consisting of the N-terminus, the C-terminus, and a linking site of the 
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chaperonin subunits. In the case of a plurality of the antigen proteins, the 
antigen proteins may be linked to a plurality of sites selected therefrom 
respectively. Especially, it is preferable that the sites to be linked are 
selected so that the antigen protein is certainly accommodated in the cavity 
5 of the chaperonin ring. 

When an antigen protein has a quaternary structure consisting of a 
homodimer or a heterodimer, or higher oligomer in nature, it is preferable 
that one or two species of subunits constituting the antigen protein are 
respectively linked to the N-terminus and the C-terminus of chaperonin 

10 subunits linked to one another via peptide bonds. When a complex 
composed of an antigen protein and an archaeal chaperonin, wherein the 
antigen protein expresses its antigenicity by forming a dimer and wherein 
the archaeal chaperonin is composed of eight chaperonin subunits, is used 
as an immunogen, each subunit of the antigen protein may be linked 

15 respectively via peptide bonds to the N-terminus and the C-terminus of the 
chaperonin octamer having eight chaperonin subunits linked to one another 
(chaperonin subunit 8-times linkage). In this arrangement, each of the 
subunits is located in regions extremely close to one another in the 
chaperonin ring, thereby ensuring that the antigen protein easily has a 

20 quaternary structure composed of a dimer and express its stable antigenicity. 

Examples of combinations of fusion proteins and chaperonin 
subunits in a complex composed of chaperonins and antigen proteins 
(hereinafter referred to as "chaperonin-antigen protein complex") will be 
described referring to Figs 1-5 taking a chaperonin of eight subunits as a 

25 model. In the figures, a white circle denotes a chaperonin subunit, a black 
circle denotes an antigen protein, and a straight line denotes a peptide bond. 
In the first examples, the chaperonin-antigen protein complex consists of 
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only a fusion protein. Figures 1 A to E show some schematic illustrations 
of the examples. The chaperonin-antigen protein complex as shown in Fig. 
1A consists of a fusion protein composed of a chaperonin subunit 8-times 
linkage and an antigen protein linked thereto. The chaperonin-antigen 
5 protein complex as shown in Fig. IB consists of a fusion protein composed 
of a chaperonin subunit 8-times linkage and two antigen proteins 
respectively linked to the N-terminus and the C-terminus thereof. The 
chaperonin-antigen protein complex as shown in Fig. 1C consists of two 
fusion proteins each composed of a chaperonin subunit 4-times linkage and 

10 an antigen protein linked thereto. The chaperonin-antigen protein complex 
as shown in Fig. ID consists of four fusion proteins each composed of a 
chaperonin subunit 2-times linkage and an antigen protein linked thereto. 
The chaperonin-antigen protein complex as shown in Fig. IE consists of 
eight fusion proteins each composed of a chaperonin subunit and an antigen 

15 protein linked thereto. 

In the second examples, the chaperonin-antigen protein complex 
consists of a fusion protein and an independent chaperonin subunit. 
Herein, "independent chaperonin subunit" denotes to a chaperonin subunit 
that is not covalently linked to other molecules, in other words, a 

20 chaperonin subunit monomer. Figures 2A to D show some schematic 
illustrations of the examples. The chaperonin-antigen protein complex as 
shown in Fig. 2A consists of a fusion protein composed of a chaperonin 
subunit and an antigen protein linked thereto, and seven independent 
chaperonin subunits. The chaperonin-antigen protein complex as shown in 

25 Fig. 2B consists of a fusion protein composed of a chaperonin subunit 
4-times linkage and an antigen protein linked thereto, and four independent 
chaperonin subunits. The chaperonin-antigen protein complex as shown in 
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Fig. 2C consists of two fusion proteins each composed of a chaperonin 
subunit 2-times linkage and an antigen protein linked thereto, and four 
independent chaperonin subunits. The chaperonin-antigen protein 
complex as shown in Fig. 2D consists of a fusion protein composed of a 
5 chaperonin subunit and an antigen protein linked thereto, a fusion protein 
composed of a chaperonin subunit 2-times linkage and two antigen proteins 
respectively linked to the N-terminus and the C-terminus thereof, a fusion 
protein composed of a chaperonin subunit 3-times linkage and an antigen 
protein linked thereto, and two independent chaperonin subunits. 

10 In the third examples, the chaperonin-antigen protein complex 

consists of a fusion protein and a chaperonin subunit linkage. Figures 3A 
to D show some schematic illustrations of the examples. The 
chaperonin-antigen protein complex as shown in Fig. 3A consists of a 
fusion protein composed of a chaperonin subunit and an antigen protein 

15 linked thereto, and a chaperonin subunit 7-times linkage. The 
chaperonin-antigen protein complex as shown in Fig. 3B consists of a 
fusion protein composed of a chaperonin subunit and an antigen protein 
linked thereto, a chaperonin subunit 3-times linkage, and a chaperonin 
subunit 4-times linkage. The chaperonin-antigen protein complex as 

20 shown in Fig. 3C consists of a fusion protein composed of a chaperonin 
subunit 5-times linkage and two antigen proteins respectively linked to the 
N-terminus and the C-terminus thereof, and a chaperonin subunit 3-times 
linkage. The chaperonin-antigen protein complex as shown in Fig. 3D 
consists of a fusion protein composed of a chaperonin subunit 2-times 

25 linkage and two antigen proteins respectively linked to the N-terminus and 
the C-terminus thereof, a fusion protein composed of a chaperonin subunit 
4-times linkage and two antigen proteins respectively linked to the 
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N-terminus and the C-terminus thereof, and a chaperonin subunit 2-times 
linkage. 

In the fourth examples, the chaperonin-antigen protein complex 
consists of a fusion protein, an independent chaperonin subunit, and a 
5 chaperonin subunit linkage. Figures 4A to D show some schematic 
illustrations of the examples. The chaperonin-antigen protein complex as 
shown in Fig. 4A consists of a fusion protein composed of a chaperonin 
subunit and an antigen protein linked thereto, an independent chaperonin 
subunit, and a chaperonin subunit 6-times linkage. The 

10 chaperonin-antigen protein complex as shown in Fig. 4B consists of a 
fusion protein composed of a chaperonin subunit and an antigen protein 
linked thereto, two independent chaperonin subunits, a chaperonin subunit 
2-times linkage, and a chaperonin subunit 3-times linkage. The 
chaperonin-antigen protein complex as shown in Fig. 4C consists of a 

15 fusion protein composed of a chaperonin subunit 5-times linkage and two 
antigen proteins respectively linked to the N-terminus and the C-terminus 
thereof, an independent chaperonin subunit, and a chaperonin subunit 
2-times linkage. The chaperonin-antigen protein complex as shown in Fig. 
4D consists of two fusion proteins each composed of a chaperonin subunit 

20 2-times linkage and two antigen proteins respectively linked to the 
N-terminus and the C-terminus thereof, two independent chaperonin 
subunits, and a chaperonin subunit 2-times linkage. 

In the fifth examples, the chaperonin-antigen protein complex 
contains an antigen protein linked between chaperonin subunits of a 

25 chaperonin subunit linkage. Figures 5A to D show some schematic 
illustrations of the examples. The chaperonin-antigen protein complex as 
shown in Fig. 5 A is a modified example of the complex as shown in Fig 1 A. 
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The chaperonin-antigen protein complex as shown in Fig. 5B is a modified 
example of the complex as shown in Fig 2B. The chaperonin-antigen 
protein complex as shown in Fig. 5C is a modified example of the complex 
as shown in Fig 3C. The chaperonin-antigen protein complex as shown in 
5 Fig. 5D is a modified example of the complex as shown in Fig 4C. 

In the chaperonin-antigen protein complex, an amino acid sequence . 
to be cleaved by a protease may be provided between the chaperonin 
subunit and the antigen protein or between the chaperonin subunits. In the 
fusion protein in this case, the antigen protein and the chaperonin subunit 

10 are linked via a plurality of peptide bonds. Specifically, in the 
chaperonin-antigen protein complex inoculated to an animal, its ring 
structure is gradually damaged by an attack to a linking site of the 
chaperonin subunits by proteases in the living body, and then the antigen 
protein is released by an attack to a linking site of the antigen protein and 

15 the chaperonin subunit by the proteases. Consequently, an attack by 
proteases to the antigen protein itself is let wait to the last, so that 
expression of immunogenicity of the antigen protein is prolonged. The 
amino acid sequence to be cleaved by a protease is not particularly limited 
and includes recognition sites of proteases such as PreScission protease, 

20 thrombin, Factor Xa, plasmin, and chymotrypsin. 

Secondly, the case of the folding factor being a foldase will be 
described. Because a foldase such as PPIases is a monomer protein, the 
site to which an antigen protein is linked is the C-terminus and/or the 
N-terminus of the foldase. Therefore, a desired antigen protein may be 

25 linked to the C-terminus and/or the N-terminus of a foldase to form a fusion 
protein. 

Further, a fusion protein composed of an antigen protein and a 
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molecular chaperone other than chaperonins is also applicable as an 
immunogen. 

A fusion protein used as the immunogen of the present invention 
does not necessarily contain the full-length of an antigen protein, and may 
5 contain a part of an antigen protein and a folding factor. Specifically, if 
and when a part of an antigen protein induces an immune response as well 
as the full-length of the antigen protein, the fusion protein composed of a 
part of the antigen protein and a folding factor is contained in the 
immunogen of the present invention. More specifically, when the 

10 immunogen of the present invention is used to give an antibody against a 
specific epitope of an antigen protein, a fusion protein composed of a part 
of the antigen protein containing the epitope and a foldase may constitute 
the immunogen of the present invention. It is preferable that a part of the 
antigen protein contains amino acid sequences of 6 or more residues of the 

15 antigen protein. 

Desired antigen proteins contained in the immunogen of the present 
invention include all proteins having immunogenicity and are not 
particularly limited. Most suitable antigen proteins include an antigen 
protein toxic to a host cell, an antigen protein without established processes 

20 for purification, an antigen protein so liable to denaturation, an antigen 
protein having difficulty in preparing its transformant, and an antigen 
protein having an incorrect stereostructure when synthesized in a 
transformant cell. Although these antigen proteins are difficult to be used 
alone as an immunogen, a fusion protein with a folding factor is applicable 

25 as an immunogen. 

Now, a method of producing the immunogen of the present 
invention will be described. The immunogen of the present invention 
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contains a fusion protein composed of an antigen protein and a foldase. In 
order to produce the fusion protein, a gene encoding the antigen protein and 
a gene encoding a foldase are linked to produce a fusion gene, and then the 
fusion gene is expressed to synthesize the fusion protein. Specifically, a 
5 plasmid vector into which the fusion gene is integrated is introduced into a 
host cell to give a transformant, whereupon the fusion protein is obtained 
from the extract of the cultured transformant in which the fusion gene is 
expressed. When the folding factor is a chaperonin, an independent 
chaperonin subunit and/or a chaperonin subunit linkage may be required in 

10 addition to a fusion protein composed of an antigen protein and chaperonin 
subunits. In these cases, for example, a gene encoding an independent 
chaperonin subunit and/or a gene encoding a chaperonin subunit linkage 
may be expressed separately. A plasmid vector into which these genes are 
introduced may be introduced into a host cell, for example. The fusion 

15 gene, and a gene encoding an independent chaperonin subunit and/or a gene 
encoding a chaperonin subunit linkage may be linked polycistronically on 
one plasmid vector, or may be introduced respectively into two different 
plasmids capable of coexistence and replication in one host to co-express in 
one host. Further, since independent chaperonin subunits naturally occur, 

20 a gene encoding a chaperonin subunit on genomic DNA of the host cell may 
be transcribed and translated to provide chaperonin subunits derived from 
the host cell. Further, the fusion gene, an independent chaperonin subunit, 
and a chaperonin subunit linkage may be expressed in different host cells 
respectively, purified separately, and then mixed. Any antigen protein 

25 forms chaperonin-antigen protein complex when being fused with a 
chaperonin to constitute a fusion protein. 

Generally, if and when a foreign gene being too large in size is 
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introduced into and expressed in a host cell, an undue load is given to the 
host cell, resulting in a reduction in the amount of the foreign gene 
expression. For example, in the case of an archaeal chaperonin wherein 
eight chaperonin subunits form a ring structure, a fusion gene composed of 
5 eight chaperonin subunit genes linked to one another and an antigen protein 
gene may not be efficiently expressed. Therefore, it is preferable that a 
fusion protein contained in the immunogen of the present invention is as 
small as possible in size in respect to mass production. For that purpose, a 
fusion protein composed of a part, not the full-length, of an antigen protein 

10 and a folding factor is used, for example. Further, when the folding factor 
is a chaperonin, control of the number of chaperonin subunits contained in 
the fusion protein makes the fusion protein smaller in size. 

Host cells into which the fusion gene or the like is introduced 
include, but are not particularly limited to, prokaryotes such as bacteria, and 

15 yeasts, fungi, plants, insect cells, and mammalian cells. It is more 
preferable to use bacteria such as Escherichia coli as a host cell because 
their transformants grow quite rapidly than other host cells with mass 
production of the fusion proteins or the like. In the case of Escherichia 
coli as a host cell, the fusion protein may be expressed into its cytosol, or 

20 may be expressed and secreted into its periplasm region. In order to 
express and secrete into its periplasm a fusion protein composed of a 
folding factor and an antigen protein, a secretion signal sequence region 
needs to be provided at the S'-terminus of the fusion protein. Then, the 
fusion protein is expressed and secreted into the periplasm region because 

25 of the existence of the secretion signal sequence. 

The use of a folding factor originally occurring at a membrane in a 
cell may further increase an expression level of the fusion protein. 
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Examples of the folding factor include FkpA-type PPIases in FKBP-type 
PPIases and SurA-type PPIases in parvulin-type PPIases. In a living body, 
these PPIases originally occur in periplasm regions of gram-negative 
bacteria. Therefore, when an antigen protein is a membrane protein or the 
5 like, the protein is originally expressed out of cytoplasm, so as to be 
suitable to increase the expression level by being expressed as a fusion 
protein composed of the membrane protein and an FkpA-type PPIase or an 
SurA-type PPIase. 

Even when other host cells are used, the fusion protein may also be 

10 expressed into its cytoplasm, or may also be expressed and secreted outside 
the cell. In this case, it is necessary to select a more suitable combination 
of a host cell and an expression vector. When the fusion protein is expressed 
in a mammalian cell system, for example, a promoter isolated from a 
genome of a mammalian cell such as mouse metallothionein promoter, or a 

15 promoter isolated from a virus growing in the cell such as baculovirus 
promoter and vaccinia virus 7.5K promoter is preferable as a promoter in 
the expression vector. 

A method of introducing a plasmid vector into a host cell is not 
particularly limited, and may employ various known methods. Examples 

20 of transfection method include a calcium phosphate precipitation method, 
electoporation, liposome fusion, nuclear injection, and virus or phage 
infection. 

It is also possible to express the fusion protein as a soluble protein in 
a cell-free translation system using an extract from bacteria or eukaryotes or 
25 the like (Spirin, A. S., 1991, Science 11, 2656-2664: Falcone, D. et al., 1991, 
Mol. Cell. Biol. 11, 2656-2664). 

Methods of purification of the fusion protein constituting the 
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immunogen of the present invention will be now described. The methods 
are not particularly limited and may employ conventionally known methods. 
The following is an example of the methods of purifying a fusion protein 
composed of an antigen protein and a chaperonin. A transformant in 
5 which the fusion protein is expressed is collected and disrupted to recover a 
cell extract. After the fusion protein in the cell extract is recovered by 
ammonium sulfate precipitation, the precipitated fraction is dissolved in an 
appropriate buffer and subjected to ion-exchange chromatography or 
hydrophobic chromatography to recover fractions containing the fusion 

10 protein. The fraction is concentrated by ultrafiltration and subjected to gel 
filtration using a buffer containing about 5-50 mM magnesium chloride and 
about 50-300 mM sodium chloride or potassium chloride as a developing 
solution, whereby a peak just after the exclusion limit is recovered to give 
the purified fusion protein. In the case of the fusion protein with a tag 

15 made of 6-10 histidine residues (hereinafter referred to as "histidine tag") 
linked to its N- or C-terminus, the fusion protein is purified more easily and 
efficiently by means of a metal (e.g. nickel) chelating column. Further, the 
fusion protein is purified rapidly and easily by immune precipitation or 
affinity chromatography using an antibody against the chaperonin. 

20 However, it is preferable to include ion-exchange chromatography and gel 
filtration to recover only the fusion protein having a ring structure in the 
method. In the case of the chaperonin having heat resistance, heat 
treatment of the extract from the host at 60 to 80°C precipitates and removes 
the majority of residual proteins derived from the host, thereby purify the 

25 fusion protein more simply. Even if the antigen protein itself is not 
heat-resistant, the fusion protein is not thermally denatured because it is 
held inside of the chaperonin. 
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The form of the fusion protein obtained by any method of 
purification described above is observed under a transmission electron 
microscope. When the desired antigen protein is accommodated inside of 
the chaperonin ring, a ring structure with an external diameter of about 
5 14-16 nm, unique to chaperonins, is observed. When the ring structure of 
the fusion protein is unstable, a fusion protein having the ring structure is 
efficiently recovered in the presence of magnesium and ATP in the 
purification process. 

When the desired antigen protein is a membrane-binding protein or 
10 a transmembrane protein, the fusion protein is purified and treated with an 
nonionic detergent whose hydrophobic alkyl grope is octyl (C8) to dodecyl 
(CI 2), whereby the antigen protein easily form the correct structure inside 
of the chaperonin because the resulting micelle has the diameter 
substantially the same as the thickness of the biomembrane. Examples of 
15 the nonionic detergent include P-octylglucoside, Triton XI 00, Nonidet 
P-400 and Tween20. 

When a chaperonin-antigen protein complex contains not only a 
fusion protein but also an independent chaperonin subunit or a chaperonin 
subunit linkage, they may be expressed in different hosts, separately 
20 purified, and then mixed to give the complex. 

Although the immunogen of the present invention induces high 
immune responses when being inoculated to an animal directly, a 
composition for immunological use prepared by mixing the immunogen 
with an adjuvant has higher immunogenicity. Consequently, the 
25 composition for immunological use produces an antibody more efficiently. 
Examples of the adjuvant include complete Freund ! s adjuvant, incomplete 
Freund's adjuvant, aluminium adjuvant, and pertussis adjuvant. 
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Methods of producing antibodies using the immunogen of the 
present invention will be described. 

Methods of immunizing an animal with the immunogen of the 
present invention may employ commonly known methods for immunization. 
5 For example, the immunogen of the present invention is administered 
intravenously, intradermal ly, hypodermicly, intramuscularly or 
intraperitoneal ly, to animals such as mice, rats, hamsters, marmots, rabbits, 
dogs, cats, sheep, goats and horses by injection or the like, thereby 
immunizing the animals with the antigen protein to be targeted at. A 

10 polyclonal antibody is obtained from a serum that is obtained from an 
animal administered with the immunogen of the present invention by the 
above-described method. The polyclonal antibody is purified from the 
serum by means of protein A affinity chromatography or the like. 

A monoclonal antibody is produced from a single clone that is 

15 isolated by screening of a hybridoma secreting an antibody bound to a 
target antigen protein from the group of hybridomas produced by cell fusion 
of an antibody-producing cell (spleen cell) with a myeloma cell. This 
method, which is called "cell fusion method", is commonly used for 
preparation of monoclonal antibodies (Sakuji Toyama and Tamie Ando, 

20 "Experiment manual for monoclonal antibodies", Kodansha, 1987). 

More specifically, the immunogen of the present invention is 
administered to an animal to be immunized by the above-described method, 
whereby an immunocyte to produce a monoclonal antibody such as a spleen 
cell after immunization is obtained. Then, a clone producing an antibody 

25 recognizing a desired epitope is selected from hybridomas of the 
immunocyte and an animal myeloma, and cultured to produce a target 
monoclonal antibody. The myeloma, as a parent cell for the cell fusion 
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with the immunocyte, may be appropriately selected from the 
conventionally known myelomas and includes SP2/0-Agl4, 
P3-NSl-l-Ag4-l and MCP 11-45, 6.TG1.7 (derived from mice); 
210.RCY.Agl.2.3 (derived from rats); SKO-007 and GM15006TG-A12 
5 (derived from human). 

The above-described cell fusion of the immunocyte and these 
myelomas is carried out by commonly known methods such as the method 
of Koehler and Milstein (Koehler, G. and Milstein, C., Nature, 256, 495 
(1975)). More specifically, the cell fusion is carried out in a common 

10 medium to which assisting agents such as dimethyl sulfoxide are added, if 
necessary, to improve fusion efficiency, in the presence of the commonly 
known fusion promoting agent such as polyethylene glycol (PEG) and 
Sendai virus (HVJ), thereby preparing a group of hybridomas. 

A desired hybridoma is separated from the group of hybridomas 

15 cultured in a common selection medium such as HAT (hypoxanthine, 
aminopterin and thymidine) medium. More specifically, the desired 
hybridoma is separated from the group of hybridomas cultured in the 
selection medium for enough time to kill cells except the desired hybridoma. 
The hybridoma obtained in this way is subjected to searching for a desired 

20 monoclonal antibody and cloning by a common limiting dilution method. 

In order to search a strain producing a desired monoclonal antibody 
from the obtained hybridomas, common methods such as ELISA method, 
plaque method, spot method, agglutination method, Ouchterlony method 
and RIA method may be used. 

25 Hybridomas are sub-cultured in a common medium and also 

preserved in liquid nitrogen for a long time. 

A desired monoclonal antibody is obtained from a hybridoma by 
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methods such as a method including steps of culturing the hybridoma 
according to a common manner and obtaining the desired monoclonal 
antibody from the supernatant of the culture, and a method including steps 
of administering the hybridoma to an animal compatible to the hybridoma 
5 to grow the hybridoma and obtaining the desired monoclonal antibody from 
its ascites. The monoclonal antibody obtained in this way is further 
purified by a common method such as salting out, gelfiltration and affinity 
chromatography. The monoclonal antibody obtained in this way 
specifically recognizes an epitope in the fusion protein subjected to the 

10 immunization. 

Recently, techniques of producing a monoclonal antibody using a 
cloned antibody gene from an antibody-producing cell (spleen cell) have 
been developed. Examples of the technique include phage display method 
whereby a desired antibody gene is easily screened by expression of the 

15 antibody on the surface of the phage transformed with a gene encoding the 
antibody from an antibody-producing cell. 

One of the methods of preparing a desired monoclonal antibody by 
phage display method is disclosed in Japanese laid-open patent H07-502167. 
Specifically, a region corresponding to Fab is amplified by RT-PCR method 

20 using mRNA isolated from an antibody-producing cell of an animal 
immunized with the fusion protein and primers specific to a region between 
complementarity determining regions (CDR), and is introduced into a 
phagemid vector to give an antibody library maintaining a high degree of 
diversity. Clones specifically producing Fabs in the presence of helper 

25 phages are concentrated and screened using the antigen for immunization, 
so that a desired Fab is expressed in Escherichia coli in a large amount. 
After its immunological activity is examined well, its whole-type IgG is 
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expressed in a cultured cell with an expression vector of Fc part with which 
the desired Fab is combined. 

The immunogen of the present invention using serotonin receptor as 
an antigen protein will be described by the following example. However, 
5 this invention is not limited to the specific antigen protein. It is easy for 
persons ordinarily skilled in the art to obtain advantages of the present 
invention without unnecessary experiments by replacing the serotonin 
receptor with other desired proteins. 

Serotonin (also referred to as 5-hydroxy-tryptamine), a potent, 

10 naturally occurring neurotransmitter that exerts its effects via cell surface 
receptors found on serotonergic neurons. It has been revealed that 
serotonin plays a significant role in functioning of mammalian body, both in 
the central nervous system (CNS) and in peripheral system. It has been 
revealed that serotonergic neurons, which originate in the brain stem, form a 

15 very diffuse system that projects to most areas of the brain and spinal cord. 
With such a diffuse system, it is considered that serotonin is involved in 
physiological responses and expression of diseases that originate in the 
CNS, namely, a number of behaviors such as sleeping, eating, perceiving 
pain, controlling body temperature, controlling blood pressure, depression, 

20 and schizophrenia. 

Serotonin also plays a significant role in peripheral systems as well. 
For example, multiple serotonins are found in gastrointestinal system, and 
mediate a variety of contractile, secretory, and electrophysiologic effects in 
this system. Another example highly sensitive to serotonin is 

25 cardiovascular systems. 

Serotonin induces its effects on cellular physiology by binding to a 
receptor on the cell surface. At present, it is confirmed that multiple types 
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of serotonin receptors occur. At least four major families of serotonin 
receptors (5-HT1R-4R) are known, each family containing 8 to 10 receptors 
that have been classified based on their pharmacological and/or structural 
differences. Each family consists of one or more types called 5-HTlaR, 
5 5-HTlbR, 5-HTldR and 5-HTleR. Further, it is known that various 
subtypes such as HTldaR and 5-HTldpR known within certain serotonin 
receptor types. 

Existence of multiple, structurally distinct serotonin receptors 
provides the possibility that subtype-selective pharmacologic agents can be 

10 produced. Since individual receptor subtypes may function to affect 
specific actions of the different parts of the central and peripheral nerve 
system, the development of such agents result in new and increasingly 
selective therapeutic agents with fewer side effects. As an example, in 
certain blood vessels, stimulation of 5-HT1 receptors on the endothelial 

15 cells induces vasodilation while stimulation of 5-HT2 receptors on the 
smooth muscle cells induces vasoconstriction. Pharmacological and 
clinical knowledge of the various serotonin receptor types is described in 
detail in, for example, Glennon RA. et al. Neuroscience and Behavioral 
Reviews, 14(1), page 35 (1990). 

20 Given the broad distribution of serotonin within the body, 

tremendous interest in developing drugs that affect serotonergic systems 
exists. Especially, receptor-specific agonists and antagonists are of interest 
for therapeutic agents for a wide range disorders, including anxiety, 
depression, hypertension, migraine, compulsive disorders, and cancer 

25 chemotherapy-induced vomiting. An antibody against a serotonin receptor 
is not only useful for research but also a candidate for receptor-specific 
agonists and antagonists as a drug. 
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5-HTlaR is one of the serotonin receptors and a seven 
transmembrane protein, and is known as an antigen protein that is hard to 
obtain its recombinant protein and an excellent antibody thereagainst. 

When a complex composed of a folding factor and 5-HTlaR is used 
5 as the immunogen of the present invention, the complex induces a high 
immune response in an immunized animal. Especially, it is preferable that 
a fusion protein composed of a FKBP-type PPIase or a chaperonin and 
5-HTlaR is used as an immunogen. It is preferable that Escherichia coli 
chaperonin GroEL or archaeal chaperonin TCP is used as a chaperonin. In 
10 this case, the full-length of serotonin receptor 5-HTlaR or a part consisting 
of 6 or more residues thereof is used as an antigen protein. 

It is obvious that, in any case, the immunogen of the present 
invention is effective in increasing an immune response against 5-HTlaR 
because 5-HTlaR induces a specific immune response only when being 
15 fused with a folding factor. 

According to the present invention, any antigen protein induces a 
higher immune response by using a fusion protein composed of the antigen 
protein and a folding factor than the antigen protein alone. 

20 EXAMPLES 

Hereinafter, the present invention will be described in more detail by 
reference to Examples. However, the present invention is not limited to 
the Examples. 

In the following Examples, many techniques well known by and 
25 available to skilled persons in the field of molecular biology, protein 
chemistry or immunology are used, but are not necessarily described in 
detail. Reagents such as enzymes were obtained on the market and used in 
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accordance with the protocols provided by the distributors. Other 
experimental techniques employed techniques described in "Sambrook et al., 
Molecular Cloning: A Laboratory Manual, CHS Press, 1989" or the like. 

5 Example 1 

(An immunogen containing a complex composed of Escherichia coli 
chaperonin GroEL and an antigen protein) 

1 . Construction of a vector to express a fusion protein with GroEL 
10 The nucleotide sequence of Escherichia coli chaperonin GroEL gene, 

which has been known, is shown in SEQ ID No. 1. Oligonucleotides as 
shown in SEQ ID Nos. 2 and 3 were prepared based on the information of 
this nucleotide sequence. PCR using the genomic DNA of Escherichia 
coli HMS174 (Novagen) as a template and oligonucleotides as shown in 
15 SEQ ID Nos. 2 and 3 as a primer set was carried out, whereby a DNA 
fragment containing GroEL gene was amplified. Herein, an Spel site and 
an Xbal site derived from the primers were introduced into each terminus of 
the amplified DNA fragment. The amplified DNA fragment was 
introduced into pT7BlueT vector (Novagen) by TA cloning. The 
20 nucleotide sequence of the introduced DNA fragment was determined, and 
confirmed to be the same as the nucleotide sequence as shown in SEQ ID 
No.l. 

Meanwhile, a synthetic DNA as shown in SEQ ID No. 4 and a 
synthetic DNA as shown in SEQ ID No. 5 that are complementary 
25 nucleotide sequences were annealed to make a double-stranded DNA. The 
double-stranded DNA had an Xbal site, a nucleotide sequence encoding a 
PreScission protease recognition site, and a Bglll site in order of mention. 
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The double-stranded DNA was recovered by Xbal and Bglll treatment, and 
introduced into pTrc99ALTCF (Pharmacia) treated in advance with Xbal 
and Bglll to give a plasmid pTRC99-PS. That is, pTRC99-PS is an 
expression plasmid containing a nucleotide sequence encoding a site to be 
5 cleaved by PreScission protease between the Xba I site and the Bgl II site. 

Then, in order to recover a DNA fragment containing GroEL gene, 
the pT7BlueT vector into which the amplified DNA was introduced was 
treated with restriction enzymes Spel and Xbal. The isolated DNA 
fragment was introduced into pTRC99-PS treated in advance with Xbal to 

10 give pTrcGroEL vector. 

Next, pTrcGroEL vector was treated with Xbal, and connected again 
to the isolated DNA fragment containing GroEL gene obtained by treatment 
of pT7BlueT vector into which the above-described amplified DNA 
fragment with restriction enzymes Spel and Xbal to give a vector 

15 pTrc(GroEL)2 expressing a GroEL 2-times linkage. Repetition of the 
same procedure prepared a vector pTrc(GroEL)7 expressing a GroEL 
7-times linkage. Figure 6 shows a constitution of pTrc(GroEL)7. 
Specifically, pTrc(GroEL)7 has a trc promoter and a rbb terminator. 
Further, pTrc(GroEL)7 has a GroEL 7-times linkage gene composed of 

20 seven GroEL genes arranged in tandem, a nucleotide sequence encoding a 
PreScission protease recognition amino acid sequence, and a nucleotide 
sequence encoding the amino acid sequence of FLAG at the downstream of 
the trc promoter. 

On the other hand, human serotonin receptor 5-HTlaR was 
25 employed as a desired antigen protein. The nucleotide sequence of 
5-HTlaR gene, which was known, was shown in SEQ ID No. 6. 
Oligonucleotides as shown in SEQ ID Nos. 7 and 8 were prepared based on 
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the information of this nucleotide sequence. PCR using a human brain 
cDNA library (Takara Bio) as a template and oligonucleotides as shown in 
SEQ ID Nos. 7 and 8 as a primer set was carried out, whereby an DNA 
fragment containing 5-HTlaR gene was amplified. Herein, a Bglll site 
5 and an Xhol site derived from the primers were introduced to each terminus 
of the amplified DNA fragment. The amplified DNA fragment was 
introduced into pT7BlueT vector (Novagen) by TA cloning. The 
nucleotide sequence of the introduced DNA fragment was determined, and 
confirmed to be the same as the nucleotide sequence as shown in SEQ ID 

10 No. 6. Then, the amplified DNA fragment was introduced into 
pTrc(GroEL)7 treated in advance with Bglll and Xhol to give a vector 
pTrc(GroEL)7-5HTlAR expressing a fusion protein composed of a GroEL 
7-times linkage and 5-HTlaR. Meanwhile, an expression vector 
pTHTlAR into which 5-HT1AR gene alone was introduced instead of a 

15 fusion protein gene was prepared for a control experiment. 

2. Expression of a fusion protein composed of a GroEL 7-times linkage 

and serotonin receptor 5-HTlaR 

Escherichia coli strain BL21(DE3) (Novagen) was transformed with 
20 the obtained expression vector pTrc(GroEL)7 • 5HT1AR to give a 

transformant expressing a fusion protein composed of a GroEL 7-times 

linkage and serotonin receptor 5-HTlaR. 

Twenty to twenty-five colonies of the obtained transformant were 

inoculated to 500mL of 2xTY medium (16 g/L Yeast extract, 20 g/L 
25 Bacto-tripton, 15 g/L NaCl, 0.1 mg/mL Ampicillin), and cultured at 110 

rpm for 24 hours at 25°C to give a cultured broth. The cultured broth was 

centrifuged at 10000 rpm for 10 minutes, so that the transformant cells were 
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harvested. 

The harvested cells were suspended in FL AG-binding buffer (50 
mM Tris-HCl pH 7.5, 150 mM NaCl, 5 mM MgCl, 1 mM EDTA), and then 
disrupted by sonication. The disrupted cell suspension was centrifuged at 
5 30,000 rpm for 1 hour to give its supernatant that is a soluble fraction. 
Meanwhile, the same procedure was carried out using Escherichia coli 
strain BL21(DE3) harboring a vector pTHTl AR for a control experiment. 

When supernatants and precipitate fractions of the Escherichia coli 
extracts were analyzed by SDS-PAGE, only from the soluble fraction of the 

10 extracted sample of Escherichia coli cells harboring the expression vector 
pTrc(GroEL)7 • 5HT1 AR, a band at the position corresponding to the 
molecular weight of the fusion protein was detected. On the other hand, 
the antigen proteins were not detected from the soluble fraction of the 
extract sample of Escherichia coli cells harboring pTHTlAR as a control. 

15 although a weak band was detected from the insoluble fraction of the 
extract sample of Escherichia coli cells harboring pTHTlAR. From these 
results, it was found that 5-HTlaR gene alone was not expressed in the 
Escherichia coli soluble fraction, but expressed as a soluble protein when 
constituting a fusion protein with a GroEL 7-times linkage. 

20 Then, the obtained supernatant was salted out, whereupon the 

precipitated fusion protein was collected. The precipitate was dissolved in 
50 mM Tris-HCl (pH 7.5), and then dialyzed against 50 mM Tris-HCl (pH 
7.5) containing 5 mM MgCl 2 . After the dialysis, the dialysate was 
subjected to ion-exchange chromatography using DEAE-Sepharose column 

25 (Amersham Bioscience) and TSKgel Super Q-5PW column (Tosoh), and to 
gel filtration using Superose 6 column (Amersham Bioscience), whereby 
the fusion protein was purified from the dialysate. As a result, a fusion 
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protein composed of a GroEL 7-times linkage and 5-HTlaR was obtained. 

3. Confirmation of the structure of the fusion protein by electron 
microscopy 

5 The structures of the obtained fusion protein composed of a GroEL 

7-times linkage and 5-HTlaR was confirmed under transmission electron 
microscope (TEM) according to the following procedures. Ten ^iL of 
purified preparation of the fusion protein with an adjusted concentration of 
about 0.05 mg/mL was fixed on a carbon-coated formvar membrane on 

10 copper grid, stained with 2% uranyl acetate, and then observed at 75 kV of 
accelerating voltage. The result was that the fusion protein had a ring 
structure unique to chaperonins and that the 5-HTlaR was accommodated 
one-by-one in the GroEL ring. Consequently, it was confirmed that the 
fusion protein formed a complex having a ring structure as well as native 

15 GroEL. 

4. Digestion with a protease 

It was examined whether the PreScission protease recognition 
sequence between the GroEL 7-times linkage and the 5-HTlaR in the 

20 obtained fusion protein was recognized by PreScission protease. The 
obtained fusion protein was incubated in the presence of 2.5 M urea, and 
then dialyzed against 50 mM potassium phosphate (pH 7.0). The solution 
after dialysis was treated with PreScission protease with all day and night 
incubation at 15°C. As a result of analysis for the reaction solution by 

25 SDS-PAGE, a band corresponding to the 5-HTlaR was detected, and 
therefore the fusion protein was cleaved by PreScission protease. On the 
other hand, when the obtained fusion protein was not treated with urea, a 
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band corresponding to the 5-HTlaR was not detected, and therefore the 
fusion protein was not cleaved by PreScission protease. From these results, 
it was thought that the 5-HTlaR was protected by the GroEL because the 
fusion protein formed a complex composed of GroEL and 5-HTlaR. 

5 

5. Evaluation as an immunogen 

The obtained fusion protein composed of a GroEL 7-times linkage 
and 5HTlaR was evaluated for its ability of inducing an immune response 
against 5-HTlaR according to the following procedures. A composition 

10 for immunological use was prepared by mixture of the obtained fusion 
protein and incomplete Freund's adjuvant and injected into rabbits 
hypodermicly. As it is considered that an antibody titer usually increased 
7 to 10 days after the sensitization, the serum was sampled on the 3rd, 5th, 
7th, and 10th days after the immunization and then analyzed by the 

15 following ELISA method in order to evaluate strength of the immune 
response. 5-HTlaR solution (Eurosecreen S.A.) was added to a 96-well 
plate and incubated for 3 hours at 30°C, whereby 5-HTlaR was 
immobilized on the plate. After being washed with PBS, the plate was 
blocked with 1% BSA in PBS. The sampled serum was serially diluted 

20 with 1% BS A/PBS containing 0.05% Tween 20. The diluted serum was 
added to the well coated with 5-HTlaR, and then incubated for 1 hour at 
room temperature. After being washed with PBS containing 0.05% Tween 
20, the plate, to which peroxidase-conjugated anti-rabbit IgG antibody 
(Vector) was added, was incubated for 1 hour at room temperature. One 

25 hundred microliters of peroxidase substrate (ABTS) solution (KPL) was 
added to each well, and then its absorbance at 410 nm was determined. 
The end point of ELISA titers for the serum was designed to be the serum 
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dilution producing an absorbance value 2 SD greater than the average of the 
control rabbit. A control experiment was carried out by using rabbits 
injected with 5-HTlaR alone. The experiments showed that the use of a 
fusion protein composed of a chaperonin and 5-HTlaR as an immunogen 
5 induced a higher immune response for rabbits than the use of 5-HTlaR 
alone (TABLE 1). 

As observed above, it was revealed that the 5-HTlaR became 
soluble and was made available as an immunogen when being fused with a 
GroEL 7-times linkage to give a fusion protein, and that an immunogen 
10 containing the fusion protein composed of a GroEL 7-times linkage and a 
5-HTlaR was also effective to strengthen immune responses against the 
5-HTlaR. 



15 TABLE 1 . Results of ELIS A using sera of rabbits immunized by 5-HTlaR 
alone or 5-HTlaR fused with a GroEL 7-times linkage 

Day of blood sampling Fusion protein 5-HTlaR Control (a) 

ELISAtiter (b) ELIS A titer ELIS A titer 
20 

after 3 days 1/10 <1/10 <1/10 

after 5 days 1/500 <1/10 <1/10 

after 7 days 1/2000 1/10 <1/10 

after 10 days 1/4000 1/10 <1/10 

25 

(a) Only incomplete Freund f s adjuvant was injected into a rabbit in the 
control experiment. 

(b) The titers are expressed as dilution ratio of serum. 



Example 2 

(An immunogen containing a complex composed of archaeal chaperonin 
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TCP and an antigen protein) 

1. Construction of a vector to express a fusion protein with a TCPp 
8-times linkage 

5 The nucleotide sequence of chaperonin P subunit (TCPp) gene of 

Thermococcus sp. strain KS-1 (JCM No. 11816), which has been known, 
was shown in SEQ ID No. 9. Oligonucleotides as shown in SEQ ID Nos. 
10 and 11 were prepared based on the information of this nucleotide 
sequence. PCR using the genomic DNA of Thermococcus sp. strain KS- 1 

10 (JCM No. 11816) as a template and oligonucleotides as shown in SEQ ID 
Nos. 10 and 11 as a primer set was carried out, whereby a DNA fragment 
containing TCPp gene was amplified. Herein, a Bglll site and a BamHI 
site derived from the primers were introduced into each terminus of the 
amplified DNA fragment. The amplified DNA fragment was introduced 

15 into pT7BlueT vector (Novagen) by TA cloning to give pT7(TCPp). The 
nucleotide sequence of the introduced DNA fragment was determined, and 
confirmed to be the same as the nucleotide sequence as shown in SEQ ID 
No. 9. Then, pT7(TCPp) was treated with Bglll and BamHI, and a DNA 
fragment containing containing the TCPp gene was recovered. The DNA 

20 fragments were linked to each other by means of T4 DNA ligase, and then 
separated by means of electrophoresis for the reaction solution, whereby 
(TCPp)2 gene consisting of two TCPp genes linked in the same direction 
was recovered. (TCPp)2 gene was introduced into a plasmid pKF3 
(Takara Bio) treated in advance with Bglll and BamHI to give a vector 

25 pKF(TCPp)2. In the same way, pKF(TCPp)2 was treated with Bglll and 
BamHI to give a DNA fragment containing (TCPP)2 gene. The DNA 
fragments were linked to each other by means of T4 DNA ligase, and then 
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separated by means of electrophoresis for the reaction solution, whereby 
(TCPp)4 gene consisting of four TCPp genes linked in the same direction 
was recovered. The (TCPP)4 gene was introduced into a plasmid pKF3 
treated in advance with Bglll and BamHI to give a vector pKF(TCPP)4. 
5 In the same way, pKF(TCPP)4 was treated with Bglll and BamHI to give a 
DNA fragment containing (TCPP)4 gene. The DNA fragments were 
linked to each other by means of T4 DNA ligase, and then separated by 
means of electrophoresis for the reaction solution, whereby (TCPP)8 gene 
consisting of eight TCPp genes linked in the same direction was recovered. 

10 Meanwhile, a synthetic DNA as shown in SEQ ID No. 12 and a 

synthetic DNA as shown in SEQ ID No. 13 that are complementary 
nucleotide sequences were annealed to make a double-stranded DNA. The 
double-stranded DNA had an Ndel site, a BamHI site, a nucleotide 
sequence encoding a thrombin recognition site, a Bglll site, an Xhol site, a 

15 nucleotide sequence encoding six sequential histidines (His tag), and an 
EcoRI site in order of mention. 

The double-stranded DNA was treated with Ndel and EcoRI, and 
introduced into a plasmid pET21d (Novagen) treated in advance with Ndel 
and EcoR to give a plasmid pTF. Further, the (TCPp)8 gene was 

20 introduced into the plasmid pTF treated in advance with BamHI to give a 
plasmid pTCP8. Figure 7 shows a constitution of pTCP8. Specifically, 
pTCP8 has a T7 promoter and a T7 terminator. Further, pTCP8 has a 
TCPp 8-times linkage ((TCPp)8) gene composed of eight TCPp genes 
arranged in tandem, a nucleotide sequence encoding a thrombin recognition 

25 site, and a nucleotide sequence encoding an amino acid sequence of His tag 
at the downstream of the T7 promoter. 

On the other hand, human serotonin receptor 5-HTlaR was 
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employed as a desired antigen protein as well as Example 1. The 
amplified DNA fragment containing 5-HTlaR gene obtained in Example 1 
was treated with Bglll and Xhol, and introduced into pTCP treated in 
advance with BamHI to give a vector pTCP8-5HTlAR to express a fusion 
5 protein composed of a TCPp 8-times linkage and 5-HTlaR. That is, a 
fusion protein composed of a TCPp 8-times linkage linked to SHTlaR via a 
thrombin recognition amino acid sequence is obtained by using pTCP8* 
5HT1AR. Meanwhile, an expression vector pTHTlAR into which 
5-HT1AR gene alone was introduced was used as a control as well as 
10 Example 1. 

2. Expression of a fusion protein composed of a TCPp 8-times linkage 
and serotonin receptor 5-HTlaR 

The obtained expression vector pTCP8-5HTlAR was introduced 
15 into Escherichia coli strain BL21 (DE3) to give a transformant expressing a 
fusion protein composed of a TCPp 8-times linkage and serotonin receptor 
5-HTlaR. 

Ten colonies of the obtained transformants were inoculated to 500 
mL of 2xTY medium, and then cultured at 35°C. When cell density of the 

20 medium reached OD600 of 0.6 to 1.0, IPTG was added to the medium to 
induce the protein expression. The transformants were cultured for 
another 10 hours, and were harvested as well as Example 1. 

The harvested cells were suspended in His tag-binding buffer (20 
mM sodium phosphate pH 7.4, 500 mM NaCl, 10 mM imidazole), and then 

25 disrupted by sonication. The disrupted cell suspension was centrifuged at 
10,000 rpm for 1 hour to give its supernatant which is a soluble fraction. 
Meanwhile, the same procedure was carried our using Escherichia coli 
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strain BL21(DE3) harboring vector pTHTl AR for a control experiment. 

When supernatants and precipitate fractions of the Escherichia coli 
extracts were analyzed by SDS-PAGE, only from the soluble fraction of the 
extracted sample of Escherichia cells harboring the expression vector 
5 pTCP8-5HTlAR, a band at the position corresponding to the molecular 
weight of the fusion protein was detected. On the other hand, the antigen 
proteins were not detected from the soluble fraction of the extract sample of 
Escherichia coli cells harboring pTHTlAR as a control, although a weak 
band was detected from the insoluble fraction of the extract sample of 

10 Escherichia coli cells harboring pTHTlAR. From these results, it was 
found that 5-HTlaR gene alone was not expressed in the Escherichia coli 
soluble fraction, but expressed as a soluble protein when constituting a 
fusion protein with a TCPp 8-times linkage. 

A part of the obtained supernatant was applied onto HiTrap 

15 chelating 5 mL column (Amersham Bioscience). The column was washed 
with the His tag-binding buffer, whereupon the fusion protein was eluted by 
a His tag-elution buffer (20 mM sodium phosphate pH 7.4, 500 mM NaCl, 
500 mM imidazole). The obtained fraction was dialyzed against a buffer 
containing 50 mM MgCl 2 , 0.2 mM ATP, and 150 mM NaCl. The resulting 

20 dialysate was subjected to gel filtration chromatography using 
TSKGelG4000 (Tosoh) with the same buffer as a developing solution to 
recover a peak just after the exclusion limit, whereby the purified fusion 
protein composed of a TCP(3 8-times linkage and 5-HTlaR was obtained. 

25 3. Confirmation of the structure of the fusion protein by electron 
microscopy 

The structures of the obtained fusion protein composed of a TCPp 
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8-times linkage and 5-HTlaR was confirmed under transmission electron 
microscope as well as Example 1 . The result was that the fusion protein 
had a ring structure unique to chaperonins and that the 5-HTlaR was 
accommodated one-by-one in the TCP ring. Consequently, it was 
5 confirmed that the fusion protein formed a complex having a ring structure 
as well as native TCP. 

4. Digestion with a protease 

It was examined whether the thrombin recognition sequence 
10 between the TCP0 8-times linkage and the 5-HTlaR in the obtained fusion 
protein was recognized by thrombin. The obtained fusion protein was 
incubated in the presence of 10 mM EDTA, and then dialyzed against 50 
mM potassium phosphate (pH 7.0). The solution after dialysis was treated 
with thrombin with all day and night incubation at 15°C. As a result of 
15 analysis for the reaction solution by SDS-PAGE, a band corresponding to 
5-HTlaR was detected, and therefore the fusion protein was cleaved by 
thrombin. On the other hand, when the obtained fusion protein was not 
treated with EDTA, a band corresponding to the 5-HTlaR was not detected, 
and therefore the fusion protein was not cleaved by thrombin. From these 
20 results, it was thought that the 5-HTlaR was protected by the TCP because 
the fusion protein formed a complex composed of TCP and 5-HTlaR. 

5. Evaluation as an immunogen 

The obtained fusion protein composed of a TCPp 8-times linkage 
25 and 5HTlaR was evaluated for its ability of inducing an immune response 
against 5-HTlaR as well as Example 1. The experiments showed that the 
use of a fusion protein composed of a TCPp 8-times linkage and 5-HTlaR 
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as an immunogen induced a higher immune response for rabbits than the 
use of 5-HTlaR alone (TABLE 2). As observed above, it was revealed 
that an immunogen containing the fusion protein composed of a TCP 
8-times linkage and 5-HTlaR prepared in this Example was also effective 
5 to strengthen immune responses against 5-HTlaR. 



TABLE 2. Results of ELISA using sera of rabbits immunized by 5-HTlaR 
alone or 5-HTlaR fused with a TCPp 8-times linkage 

10 

Day of blood sampling Fusion protein 5-HTlaR Control (a) 

ELISA titer (b) ELISA titer ELISA titer 



after 3 days 1/10 <1/10 <1/10 

15 after 5 days 1/500 <1/10 <1/10 

after 7 days 1/2000 1/10 <1/10 

after 10 days 1/4000 1/10 <1/10 

(a) Only incomplete Freund's adjuvant was injected into a rabbit in the 
20 control experiment. 

(b) The titers are expressed as dilution ratio of serum. 



Example 3 

25 (Construction of a vector to express a fusion protein composed of a 
short-type FKBP-type PPIase derived from extremely thermophilic 
archaeum Thermococcus sp. KS-1 (TcFKBP18) and a target protein) 

1 . Construction of a vector to express a fusion protein with TcFKBPl 8 
30 The nucleotide sequence of short-type FKBP-type PPIase derived 

from extremely thermophilic archaeum Thermococcus sp. KS-1 
(TcFKBP18) (Ideno et al. Biochem. J. 357, 465-, 2001), which has been 



46/55 



known, was shown in SEQ ID No. 14. Oligonucleotides as shown in SEQ 
ID Nos. 15 and 16 were prepared based on the information of this 
nucleotide sequence. PCR using a plasmid pEFEl-3 (Iida et al., Gene, 222, 
249-, 1998) containing TcFKBP18 as a template and oligonucleotides as 
5 shown in SEQ ID Nos. 1 5 and 1 6 as a primer set was carried out, whereby a 
DNA fragment containing TcFKBP18 gene was amplified. Herein, an 
Ncol site and an Spel site derived from the primers were introduced into 
each terminus of the amplified DNA fragment. The amplified DNA 
fragment was introduced into pT7BlueT vector by TA cloning. The 
10 nucleotide sequence of the introduced DNA fragment was determined, and 
confirmed to be the same as the nucleotide sequence as shown in SEQ ID 
No. 14. 

Meanwhile, oligonucleotides as shown in SEQ ID Nos. 17 and 18 
were synthesized. These oligonucleotides have complementary nucleotide 

15 sequences to each other. These oligpnucleotides were annealed to give a 
double-stranded DNA fragment Throm-F2. Throm-F2 contains an Spel 
site, a nucleotide sequence encoding an amino acid sequence to be cleaved 
by thrombin, a BamHI site, an Ndel site, and an EcoRI site. 

The obtained DNA fragment containing the TcFKBP18 gene and 

20 Throm-F2 fragment were treated with Ncol and Spel, and Spel and EcoRI, 
respectively, and each of the fragments were recovered. Both of the 
recovered fragments were introduced into a plasmid pET21d (Novagen) 
treated in advance with Spel and EcoRI in such a direction as TcFKBP18 
gene-Throm-F2 fragment to give a plasmid TcFKfusion2 which expresses a 

25 fusion protein composed of TcFKBP18 and a target protein. Figure 8 
shows a constitution of TcFKfusion2. Specifically, TcFKfusion2 has a T7 
promoter and a T7 terminator. Further, TcFKfusion2 has a TcFKBP18 
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gene, a nucleotide sequence encoding a thrombin recognition amino acid 
sequence, and a multi-cloning site derived from pET21d at the downstream 
of the T7 promoter. That is, a fusion protein composed of a TcFKBP18 
and a target antigen protein is obtained by introduction of a target antigen 
5 protein gene into the multi-cloning site of the TcFKfusion2. 

On the other hand, human serotonin receptor 5-HTlaR was 
employed as a desired antigen protein as well as Examples 1 and 2. 
However, oligonucleotides as shown in SEQ ID Nos. 19 and 20 were used 
as a primer set for PCR to obtain 5-HTlaR gene. Herein, an Ndel site was 

10 introduced into the 5 f -terminus of the 5HTlaR gene, and an SacI site and 
nucleotide sequence encoding His tag were introduced into the 3 '-terminus 
of the 5HTlaR gene. The amplified DNA fragment was introduced into 
pT7BlueT vector by TA cloning. The nucleotide sequence of the 
introduced DNA fragment was determined, and confirmed to be the same as 

15 the nucleotide sequence as shown in SEQ ID No. 6. The amplified DNA 
fragment was introduced into TcFKfusion2 treated in advance with Ndel 
and SacI to give a vector TcFKfusion2- 5HTlaR to express a fusion protein 
composed of TcFKBP18 and 5-HTlaR. 

20 2. Expression of a fusion protein composed of TcFKBP18 and serotonin 
receptor 5-HTlaR 

The obtained expression vector TcFKfusion2 • 5HTlaR was 
introduced into Escherichia coli strain BL21 (DE3) to give a transformant 
expressing a fusion protein composed of TcFKBP 1 8 and serotonin receptor 

25 5-HTlaR. 

One to two loops of the obtained transformants were inoculated to 
700mL of 2xTY medium, and then cultured at 35°C for 24 hours at 1 10 rpm 
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to give a cultured broth. The cultured broth was centrifiiged at 1 0000 rpm 
for 10 minutes, so that the transformant cells were harvested. The 
harvested cells were suspended in His-tag-binding buffer (20 mM sodium 
phosphate pH 7.4, 500 mM NaCl, 10 mM imidazole), and then disrupted by 
5 sonication. The disrupted cell suspension was centrifiiged at 10,000 rpm 
for 10 minutes to give its supernatant that is a soluble fraction. When the 
supernatant was analyzed by SDS-PAGE, a band was detected at the 
position corresponding to the molecular weight of the fusion protein 
composed of TcFKBP18 and 5-HTlaR. Further, Western Blotting using 

10 anti-serotonin receptor antibody (Cosmobio) confirmed that the band 
contained SHTlaR. 

A part of the obtained supernatant was applied onto HiTrap 
chelating 5 mL column (Amersham Bioscience). The column was washed 
with the His tag-binding buffer, whereupon the fusion protein composed of 

15 TcFKBPl 8 and 5-HTlaR was eluted by the His tag-elution buffer. 

3. Evaluation as an immunogen 

The obtained fusion protein composed of TcFKBPl 8 and 5-HTlaR 
was evaluated for its ability of inducing an immune response against 

20 5-HTlaR as well as Example 1. The experiments showed that the use of a 
fusion protein composed of TcFKBPl 8 and 5-HTlaR as an immunogen 
induced a higher immune response for rabbits than the use of 5-HTlaR 
alone (TABLE 3). As observed above, it was revealed that an immunogen 
containing the fusion protein composed of TcFKBPl 8 and 5-HTlaR 

25 prepared in this Example was also effective to strengthen immune responses 
against 5-HTlaR. 
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TABLE 3. Results of ELISA using sera of rabbits immunized by 5-HTlaR 
alone or 5-HT1 aR fused with TcFKBPl 8 



Day of blood sampling Fusion protein 

ELISA titer (b) 



5-HTlaR 
ELISA titer 



Control (a) 
ELISA titer 



10 



after 3 days 
after 5 days 
after 7 days 
after 1 0 days 



1/10 
1/500 
1/2000 
1/4000 



<1/10 
<1/10 
1/10 
1/10 



<1/10 
<1/10 
<1/10 
<1/10 



15 



(a) Only incomplete Freund's adjuvant was injected into a rabbit in the 
control experiment. 

(b) The titers are expressed as dilution ratio of serum. 



INDUSTRIAL APPLICABILITY 

According to the immunogen of the present invention, a sufficient 
20 immune response is induced even from an antigen protein which has been 
considered unavailable to induce any effective immune responses for 
various reasons. Therefore, an antibody against a desired antigen is 
produced more certainly. 
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